Indirect titration using the Karl Fischer reagent was applied to determine of the small amount of water in grease. 20-30ml. of insulating oil is placed in a round-bottomed boiling flask with a gas inlet tube and gas outlet Then dry nitrogen is passed continuously through the round bottomed boiling flask at 0.3l. per minute.
Introduction
Up to this time, in JIS, the distillation method has been used for the determination of water trace in grease1).
But it is difficult to determine the small amount of water with good accuracy, because of measuring the water by reading the scale of the burette after isolation by distillation. Also, the small amount of water is dispersed into the solvent, the water adhering to the wall of the burette or the reflux condenser. So, in order to determine the small amount of water, there are several previous works which, using both distillation and Karl Fischer method, titrate the water which was distilled with the Karl Fischer reagent,2), 3) or, soluting the grease in the mixture of xylene and methanol, titrate directly using the microscale. 4) Tanobe5) and others reported that they determined the water with a deviation of ±0.1mg.
Their method was as follows. After suspending the grease into mineral oil, dry air is passed through the oil, and the water accompanying the air is absorbed into P2O5. The increased weight of P2O5 represents the amount of water to be determined. But the method which uses both distillation and Karl Fischer method is very complicated in process, takes a comparatively long time, and the direct micro-titrating method cannot be used for the grease whose components react with the Karl Fischer reagent.
The method of Tanobe and others has the best accuracy of the above three methods, but it takes about 2 hours for one determination because of the gravimetric method. We devised a method to determine the trace of water in grease using the Karl Fischer reagent, it is as follows: disperse the sample in insulating oil under heat and pass dry N2, gas into it. The water which accompanies the N2 gas is titrated.
We were able to determine the trace of water in the grease with a devia- 
Reagent
The Karl Fischer reagent SS "Mitsubishi", supplied by Mitsubishi Chemical Industries, was used (titer: 3.0mgH2O/ml).
The dehydrated solvent ME "Mitsubishi", supplied by Mitsubishi Chemical Industries, was used. The solvent is the mixture of methanol and ethylene glycol (1:1). Samples Cup grease: first class, number 1, and second class, number 2, in JIS.
Fibre grease: second class, number 3, and second class, number 4, in JIS.
Graphite grease: first class, number 1, and second class number 1, in JIS.
Aluminium grease: K 2223 3 , and introduce about 100ml of unhydrated solvent ME "Mitsubishi" into the titrating flask, adding the Karl Fischer reagent SS using a factor of about 3mgH2O/ml, till the end point.
Introduce about 20ml of the insulating oil sing the N2 gas that was dried in the drying columns (1, 2) into the evaporating flask and the titrating flask the moisture in the N2 gas is absorbed in the titrating flask and titrate.
After ascertaining that the insulating oil has dried completely, titrate every 15 minutes, passing N2 gas and measuring the amount of reagent used.
The titration must be repeated till the amount of reagent used reaches a ratio of about 0.02ml/15min.
(as water: about 0.06 mg/15min.).
The amount of reagent used is blank Value for titrating time.6) Sampling Insert the sampling tube (b on Fig. 1 ), fix a cap (a on Fig. 1 ), into the sample, and take about 5g. of the samble into the sampling tube.
The cap is taken off and instead of the cap, the stopper is fixed.
Then their weight is measured. The stopper is taken off and the sample is quickly added into the evaporating flask. The stopper is again fixed in the sampling tube and the weight of them is measured again. The decrease of the weight is equal to the sample weight.
Titrating Method After the completion of the preparation, pass N2_ gas at a rate of 0.3l/mi.n. into the evaporating flask, stop the cock (A on Fig.  3 ). The stopper of the evaporating flask (B on Fig. 3 ) is opened and the sample is quickly added into it. The stopper must be fixed quickly as soon as the sample is inserted.
The cock is opened and the water absorbed in the titrating flask (6 on Fig. 3 ) is titrated.
If it reaches the end point, titration is done every 15 minutes.
The end point is regarded as the point where the amount of the Karl Fischer reagent used is about 0.02ml/15min.
In order to determine the water entered in the evaporating flask during inserting a a sample (about 10sec.), open the stopper of the evaporating flask for the same time needed for it (about 10sec.) and titrate the water entered in evaporating flask. Table 4 Effects of the volume of evaporating flask and the amount of insulating oil N2 gas at the rate of 0.3l/min, we titrated, the result is listed in Table 2 . The data in Table 2 Effects of the amount of sample Table 2 indicate that the titration was finished within 30 minutes at any sample weight and the data were reproducible. The effect of the rate of N2 gas We added cup grease (JIS class 2, number 2) into the insulating oil, and the rate of N2.
gas was varied from 0.1 to 0.7l/min. The results are listed in Table 3 . The velocity Table 3 Effects of the velocity of nitrogen of N2 gas had little effect on the titration of the water in the grease. But, it was observed that it tended to take a rather long time at the rate of 0.1l/min.
So it was ascertained that the rate of 0.3l/min was suitable.
evaporating flask, samples were dispersed into 10-40ml of insulating oil within 5 minutes and the titration finished within 30 minutes.
In the 120ml evaporating flask, it seemed that the samples rotated in the insulating oil or adhered to the wall of the flask, so it took a long time to disperse the samples into insulating oil. It took a rather long time to titrate the water.
The most suitable method proved to be the addition of 20-30ml of insulating oil into the 60ml evaporating flask and the titration accomplished.
The effect of moisture entered on samples in evaporating flasks When samples are added to evaporating flask, trace water is added to the evaporating flask and influenced the measured values.
The effects of the added moisture were studied and the results are listed in Table 5 . The data show that at the rate of 0.1l/min of the N2 gas, much water entered (within Table 5 Effects of moisture entered on samples in evaporating flask
The effect of the volume of the evaporating flask and the amount of the insulatiug oil For determination of the optimum condition of the volume of the evaporating flask and the amount of the insulating oil, 60ml and 120ml evaporating flasks were used.
10-100ml of insulating oil were used at class 2, number 2) and passing N2 gas at rate of 0.3l/min. The water was titrated. The results are listed in Table 4 . The data in Table 4 indicate that in the 60ml 10sec, the amount was about 0.2mg), but at 0.2-0.5l/min little water entered and even it sended out with N2 gas. So over 10sec. the amount was less than 0.05mg and was constant.
This value was taken from the measured value as blank value.
Accuracy of this method In order to confirm the accuracy of this method, after determining, we added the previously weighed water with a glass capillary into the insulating oil in which the sample was contained. After that we passed N2 gas through again, and titrated.
As shown in Table 6 , the added water completely moved into the titrating flask and the accuracy of this method was confirmed. Table 6 The accuracy of this method
Determination of water content in various greases
Data for comparison with the Karl Fischer method and with the xylene distillation method which was decided in JIS are listed in Table 7 .
In each sample, the Karl Fischer method passing dry N2 at the rate of 0.3l/min. The water vaporized, was absorbed in methanol, and was titrated.
In this condition, cup grease was determined with a deviation within ±0.001% (as water, ±0.05mg) in 30 minutes.
It took a little more time to determine fiber grease, graphite grease and aluminium grease as compared with cup grease, these greases tended to obscure the end points.
In comparing the Karl Fischer method and, the distillation method, the Karl Fischer method showed higher values than the distillation method for every grease.
We confirmed that in the Karl Fischer 
